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Over the past two decades there has been increasing concern about the role of 
nonoccupational, or leisure noise on hearing. This paper reviews published studies that detail 
the noise levels and potential effects of some noisy leisure activities. Considered are the most 
common sources of leisure noise: exposure to live or amplified rock, classical, or jazz music; 
exposures from personal listening devices ("walkman" type); noise around the home, and 
hunting and target shooting. Although all activities listed above have the potential for 
dangerous levels of noise exposure, the most serious threat to hearing comes from recreational 
hunting or target shooting. 
PACS numbers: 43.66.Ed. 43,.50.Pn, 43.50.Qp [WAY] 

INTRODUCTION 

Our environment is filled with noise. Noise exposure 
associated with the workplace has been known to produce 
hearing loss for centuries. In fact, "boilermaker's deafness" 
was the term coined to describe the now familiar bilateral 
high-frequency sensorineural hearing loss associated with 
excessive exposure to occupational noise. Field studies of 
hearing loss in industrial workers (e.g., Taylor et al., 1965; 
Bums and Robinson, 1970; Johnson, 1978), combined with 
laboratory studies of noise-induced hearing loss in human 
and animal subjects ( see Melnick, 1991, a�d Clark, 1991, for 
reviews), led the U.S. Department of Occupational Safety 
and Health.to promulgate regulations that limited occupa­
tional exposure to noise (Department of Labor, 1983) and 
provided for the protection of hearing in employees who 
worked in environments_ where the employee's noise.expo­
sure exceeded an 8-h time-weighted average of 85 dBA. 

the "dangerous" category. Information about maximum 
levels does not, in and of itself indicate a dangerous noise 
exposure ( unless the continuous level exceeds 140 dB SPL); 
the hazards from exposure to noise from any device listed in 
Fig. 1 depend upon the level and the duration of exposure for 

These regulations were ahned af protecting the vast ma­
jority of the workforce from sustaining a "material impair­
ment in hearing" after a working lifetime of 40 years. How­
ever, with the exception of the mandate requiring education 
of employees about the effects of excessive exposure to noise, 
the regulations fail to consider an employee's exposure to 
noise during nonworking hours, and this may be important. 
Evidence has been mounting over the past two decades that 
there are sources of noise exposure outside the workplace 
that are potentially damaging. Precisely what the effects of 
these exposures are on eventual noise-induced hearing loss 
has been the topic of many studies (see Kryter, 1986, for 
review ofsociocusis). Obviously, implicit in the assessment 
of the role of nonoccupational or recreational noise in NIHL 
is a determination not only of the level of exposure possible, 
but also some information about the typical exposure level 
and pattern for groups of listeners. 

There ire numerous sources of nonoccupational noise 
exposure. A partial list of significant sources and maximum 
levels of nonoccupational noise is given in Fig. 1 from Clark 
and Bohne ( 1984). If one considers a reading of > 90 dBA as 
the borderline between "safe" and ···dangerous" noise expo­
sures, it is seen that nearly everything on the list, with the 
exception of household .items such as refrigerators, falls in 
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Range In Maximum Sound Pressure Level (dBA) 
Category � � ro w  ro � � 1w � 

Recreational 
Shooting 
Cap pistol. 
Model airplane (0.09 cc) 
Motorcycle 111cc 
Motorcycle/snowmobile 
Go carU/ATVs 
Cockpit (private plane) 
Video arcade 

Hobblcs/Worlcshop 
Chain saw 
Power saw 
Shop vacuum 
Router 
Lawn mower 
Snow blower 

Household 
Oarbage disposal 
Food blender 
Vacuum cleaner 
Washer/dryer 
Air conditioner 
ReCrige,ator 

Music 
Personal 11ereo 
Rock concert 
Symphony concert 
Home stereo 

Transportation 
Automobile at .SO Ceet 
Automobile passenger 
Passing truck at SO Ceet 

,I Passing bus it .SO ree1 • , 
AlteraCt ll)'lng over at I ,000 reei I 
Ain:raft cabin (e.g., 747 or DC-JO) : 
Tniin al 50 feet I 
Train passenger i 
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FIG. 1. Range of maximum sound levels in dBA measured from common 
recreational, household, hobby, and transportation noises. [Reprinted by 
permission from Clark and Bohne ( 1984).] 
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a typical consumer of that noise. 
The purpose of this review is to summarize the literature 

concerning recreational, or nonoccupational, exposu_re to 
noise. An exhaustive review of all the literature concerning 
nonoccupational exposure to noise is beyond the scope of 
this paper. However, the reader is referred to the excellent 
summary prepared by Davis et al. ( 1985). The Davis review 
contains evaluations of 582 original publications on the top­
ic. This review will be limited to what may be considered as 
the major sources of recreational noise exposure: attendance 
at rock, big band, or symphony concerts; music listening 
through headphones (i.e., Sony Walkman); noise around 
the home ( chainsaws, power tools, _ lawnmowers, leaf 
blowers, etc:), and noisy hobbies (i.e., hunting or target 
shooting). For each type of exposure, we consider the data 
on noise immission by the particular source, some informa­
tion about the frequency of use by typical listeners, an assess­
ment, where possible, of the damage risk posed by the expo­
sure, and finally some statements about the quality of the 
studies. 

I. EXPOSURE TO MUSIC 

A. Discotheques and rock concerts 

There have been a number of studies published within 
the past two decades that are concerned with exposure from 
discotheques and attendance at rock concerts. The reported 
sound levels ( dBA) from a number of these studies is repro­
'duced in Fi� 2. The geometric mean of all measured sound 
levels is 103)4 dBA. In general, it is reasonable to conclude 
that attende� at rock concerts or noisy discotheques are 
routinely exposed to sound levels above 100 dBA. Studies of 

Floltoro. 19 

Rupp. Banaehowskl !. Klselwleh. 1974 

Ulrich 6. Pinheiro. 1972 

Barry. 1972 :,------­

Blekordike 6. Gregory. 1960 

Clari< !. Bohne. 1986 

80 90 100 110 

Sound Level, dBA 

120 

FIG. 2. Bar chart showing the published levels ofrock music from 16 stud­
ies. 'The geometric mean of the reported levels is 103.4 dBA. 
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temporary threshold shift (TI'S) after exposure to rock mu­
sic have most often considered only the hearing levels of 
performers (Rintelmann and Borus, 1968; Redell and Lebo, 
1972; Axelsson and Lindgren, 1977). A few studies have 
shown TTS's in listeners attending rock concerts ( e.g., Rin­
telmann et al., 1972; Ulrich and Pinheiro, 1974; Clark and 
Bohne, 1986; Danenberg et al., 1987). Generally, these stud­
ies show that most listeners sustain moderate TTSs ( up to 30 
dB at 4 kHz) that recover within a few hours to a few days 
after the exposure. Because hearing losses in performers, 
concessionaires, engineers, and employees of discotheques 
are occupational, they are not considered relevant to this 
review, althoughitis recognized that while a 100-dBA expo­
sure for a few hours weekly or monthly presents little risk to 
the. attendee, it may represent significant risk of noise in­
duced hearing loss (NIHL) to employees who are exposed 
on a daily basis. 

A basic question often asked is why do listeners tolerate 
such noisy environments as rock concerts and noisy disco­
theques. Anecdotal reports from the press and the popular 
literature suggest the young people consider noisy environ­
ments as "exciting" and consistent w.ith exuberant behavior. 
Calvert and Clark ( 1983) have coined the term "social noise 
phenomenon" to describe the tendency of youths and young 
adults to frequent noisy discotheques. They hypothesized 
that because high levels of noise prevent communication at 
distances of greater than a few feet, individuals who seek to 
meet members of the opposite sex may prefer this noisy envi­
ronment where they are not required to display their intelli­
gence, wit, and social skills. Noise then becomes an equalizer 
that depersonalizes the environment for everyone. A corol­
lary to this hypothesis is evident from a consideration of the 
typical discotheque environment. Dancing, commonly asso­
ciated with discotheques, is the only social activity that per­
mits a couple who are not acquainted to touch and embrace 
each other, a behavior that,may be desirable but is otherwise 
considered socially unacceptable; high levels of noise in dis­
cotheques similarly encourage individuals to move inside the 
"personal space" in order to communicate. 

B. Classical music and jazz 

Although NIHL may occur in musicians exposed fo 
classical music ( e.g., Axelsson and Lindgren, 1981), studies 
that considered typical exposures to attendees all showed 
average exposures of less than 90 dB (Lebo and Oliphant, 
1968; Barry and Thomas, 1972; Fearn, 1975). Given that 
even the most enthusiastic concert-goer most likely could 
not exceed W h per week of exposure, it is unlikely that 
attending classical music concerts poses any risk of NIHL 
for anyone. 

A search of the literature concerning jazz and big band 
music, which is often performed in smaller amphitheaters 
than rock concerts or symphony concerts, failed to disclose 
any data on typical exposure levels for attendees. However, 
during the preparation of this manuscript the author had the 
opportunity to attend a . big J,and concert featuring the 
Vf oody Herman Band. The 2-h concert was performed in a 
500-seat auditorium that was approximately 90% filled. 
During the concert, t�e author wore a Quest M.27 noise 
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legging dosimeter placed on bis right shoulder; he was seated 
in the third row, directly in front of the band. The distribu­
tion of the 1-min average levels obtained are shown in Fig. 3. 
The average level for the 2-h event (Leg) was 96. 1 dBA; 1-
min levels above 90 dBA occurred 53.4% of the time, and 16 
min were above 100 dBA. The dose, calculated by OSHA 
standards (90-dB criterion, 80-dB threshold, 5-dB trading 
ratio) was 37% of the permissible exposure level. The time 
history of the levels is shown in Fig. 4. 

These data indicate that noise exposure from jazz con­
serts exceeds that from symphony concerts, but falls short of 
that typically experienced by attendees at rock concerts. For 
all these kinds of music exposure, it is unlikely that an indi­
vidual will have a significant risk of developing significant 
NIHL from that exposure alone. 

11. LISTENING THROUGH PERSONAL 
CASSETTE/STEREO PLAYERS 

Increased use of personal stereos and cassettes (Sony 
Walkman-type radios), particularly in youths and children, 
has led to general concern about potentially hazardous expo­
S'ures. Informal surveys by the author in elementary school 
classrooms has indicated that 80%-90% of 4th- to 6th­
grade students own and use personal listening devices. Me­
dia attention, concern by parents, and most lil�ely potential 
product liability have led some manufactures to include 
warnings in the instruction manual that caution against pro­
longed listening at high-volume levels. Because many 
workers in otherwise boring manufacturing enviroqments 
choose to wear personal stereo systems (PSSs) on-the-job, 
an additional concern is that these devices m�y contribute 
unacceptably to an employee's noise dose (Skrainar et al. , 

1981 ) .  
In general, the quality of studies in the literature that 

address hazards of exposure from PSSs is variable. A sum­
mary of the findings of several studies is presented in Table I. 
Early reports by Wood and Lipscomb ( 1972) ,  and Katz et 
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FIG. 3. Distribution of I-min average sound levels measured from the audi­ence· (center, third row) during a concert by the Woody Herman Band at the Sheldon Theatre, St. Louis, Mo., November 1989. 
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FIG. 4. Plot of the time history of I-min average sound levels ( dBA) during the concert described in Fig. 3. 

al. ( 1982) considered only the maximum levels attainable 
. from personal hi-fl headphones; no attempt was made tq 
determine "typical" levels or to assess frequenqy or duration 
of exposure. Furthermore, the reported SPLs were measured 
on a 6-cc NBS 9A coupler; it is knowri that the NBS 9A 

- coupler pressure measures approximate ear canal pressures 
only when an appropriate earphone ( such as the TDH 39 on 
an MX 41A cushion) is used. Wood and Lipscomb repqrted 
SPLs as high as 124 dBA. from earphones and Katz reported 
maxima of 110-12.8 dBA. Based solely on. the observation 
that maximum levels exceeded the OSHA.\90-dB criterion 
for an 8-h workday (DOL, 1983 ) ,  both p4,ers concluded 
that earphone listening represented a hazard 'to hearing. A.I� 
though this conclusion may be correct, it was not warranted 
by the data presented. 

More relevant than the m.aximum levels attainable - is 
some estimation of the levels actually set by listeners. Kuras 
and Findlay (197 4) asked self-described rock music fa.p.s 
ages 1 8-25 to judge preferred listening levels (MCL) and 
uncomfortable levels (UCL) for "Whole Lotta Love," by 
Led Zeppelin, and for a tape of the listener's choice. All 
subjects reported listening behavior of at least 30 min, 4 or 
more times per week. Listeners reported a mean MCL for 
the set piece of 92. 7 dBA and 88. 1 dBA for the choice piece; 
of the 75 choices made, only IO exceeded lOO_dBA, and only 
2 approached the . 122-dBA figure reported by Wood and 
Lipscomb. The authors concluded that it is questionable 
whether any significant noise-induced hearing loss would 
result from exposures to rock music at the preferred levels 
for the majority of listeners unless the exposures continued 
for several hours daily over several years. 

In Appendix II of their review, Davis et al. ( 1985) re­
ported the results of a study of preferred ear-canal SP Ls for 
PSSs 'in young listeners (21-22 years old) under two condi­
tions: when music listening is a background activity for some 
other activity; and when the music is the main item of inter­
est. Listeners who used music as a background selected lev­
els that averaged 74.2 dB SPL (s.d. = 7.06 ) ;  when music 
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t ABLE I. Studies of personal stereo systems. 
Author Year Subjects Age range 
WQOd and Lipscomb 1972 Katz et a/. 1982 Kuras and Findlay 1974 25 1 8-25 Davis et a/. 1985 22 2 1-22 Catalano .and Levin 1985 154 1 8-21 Rice et al. 1987 > 60 not reported Rice et a/. 1987 750 13-19 Lee et a/. 1985 16 college age 

was the. main activity the ave�age level was 83 .3 dB SPL 
(�.d. == 9.3 1) . Eliminating classical music from the reper­
toire raised the average level to 85.3 dB SPL. Only one listen­
er out of 22 selected a level that exceeded 100 dB SPL. 

Catalano and Levin ( 1985) administered a question­
naire concerning preferred volume settings and weekly ex­
posure in hours for PSSs in 154 college students in New York 
City. Sound levels for each volume setting for three popular 
PSS models were determined on an artificial ear, and a calcu­
lation of daily noise dose was obtained and compared to 
OSHA standards. It was reported that the three cassette 
players produced levels ranging from 60 dBA at volume set­
ting "1" to 110-1 14 dBA at volume setting " 10." Using the 
OSHA 90 dBA TWA as a standard, it was found that 29.2% 
of the females and 41 .2% of the males exceeded 100% of the 
permissibl� �xposure level; 10. 1 % of the subjects had TW As 
of 100 dBA qr greater ( 400% dose) ,  It was concluded that 
PSSs present � hazard ta hearing for a substantial proportion 
of young listeners. 

Lee et al. ( 1985) asked 16 volunteers who regularly 
used PSSs to listen to "rock" or "fusion;' music for a period 
of 3 h at th�ir "preferred maximum level." Audiograms were 
obtained for each subject before and after the listening ses­
sions. Headphone output in dB SPL, measured on an artifi­
cial ear with a NBS 9A coupler, varied from 90-104 dB SPL. 
Nine subjects experienced no significant TIS; the average 
output of the headphones was 92 dB SPL in this group. Six 
additional subjects had TISs of 10 dB at one or more fre­
quency; the average headphone output in this group was 99 
dB SPL. One subject, with a headphone output of 104 dB 
SPL, sustained a 35 dB TIS in the right ear at 4 kHz. 

Rice et al. ( 1987) described a technique to express lis­
tening levels of PSSs in terms of the free-field equivalent 
continuous A-weighted sound pressure levels by applying a 
transfer function to the levels obtained on an acoustic man­
nikin. Expressed this way, the levels could be compared to 
damage risk criteria that are based upon free-field measures 
of sound level A survey of more than 60 users who regularly 
listened to music and speech indicated a mean listening level 
of 85 dBAeq; 25% of users experienced levels of at least 90 
dBA and 5% levels above 100 dBA. An analysis of exposure 
patterns indicated that some 5% of the sample were exposed 
to a daily 8-h level that exceeded 90 dBA. In a follow-up 
study, Rice et al. ( 1987) determined incidence of PSS use 
and listening habits in 750 school children in Italy and Eng­
land. It was found that 10% of the subjects had daily noise 
exposure doses of at least 87 dBA; 20% of the subjects re-
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Level Comments 
up to 124 dBA max NBS 9A coupler 1 10-128 dBA max NBS 9A coupler 88. l, 92.7 dBA 74.2-85.5 dB SPL ear canal measures up to 1 14 dBA 10% ofS's had TWA's of 100 dBA or greater 50% > 85 dBA eq calculated field levels from Kemar measures 10% > 87 dBA eq calculated field levels from Kemar measures 90-104 dB SPL 

ported sensations of fullness or ringing after listening ses­
sions. Rice et al. concluded that the risk of hearing perfor­
mance decrement following regular listening through PSSs 
for 10 years, according to British standards, was 1 in 1 500. 
Although this analysis suggested minimal risk, Rice et al. 

cautioned that users experiencing symptoms reduce the vol­
ume of their PSS. 

The study of PSS use in an industrial facility cited above 
( Skrainar et al. , 1987) showed that PSS use resulted in an 
increase in time-weighted average sound level of approxi­
mately 1 .9 dBA ( 86.6 dBA to 88.5 dBA) . .It was concluded 
that on-the-job listening to PSSs did not contribute signifi­
cantly to occupational noise-induced hearing loss. On the 
other hand, in an analysis of hearing levels of shipyard 

,,_/ workers in Japan, Mori ( 1985) showed average listening 
levels to American rock music of 93 dBA and for Japanese 
music of 75 dBA; hearing levels were significantly worse in 
listeners versus nonlisteners of rock music. 

In summary, there seems to be a consensus that PSSs are 
capable of producing hazardous soup.d levels to the ear, that 
if used at maximum levels for prolonged periods, pose a risk 
of causing NIHL. However, a number of studies that evalu­
ated preferred listening levels and frequency of use indicate 
that concern is warranted for only those few listeners who 
prefer listening at maximum levels for extended periods of 
time. 
I l l .  NOISE AROUND THE HOME 

There is a dearth of literature concerning noise levels of 
common household devices and assessment of risk of NIHL. 
According to Davis et al. ( 1985 ) their discussions with man­
ufacturers revealed a genuine reluctance to release product 
noise data for fear of starting a "quietness" war that would 
result in increased costs without appreciable product im. 
provement. In addition, inspection of Fig. 1 suggests that 
although household items may be considered annoying, 
so�nd levels and typical exposure durations do not imply 
any particular hazard. However, a few common household 
devices produce levels that are of concern. 

· One new and noisy product now commercially available 
is the gasoline-powered leaf blower. Measurements were 
made of the.sound level recorded at the position of the ear of 
a listener from a Weed Eater model 1920 leaf blower with a 
Quest model M-27 noise logging dosimeter. Most of the 
noise was concentrated in the region 100-2000 Hz, and the 
maximum level was 1 10-1 12 dBA; the equivaient A-weight­
ed sound level (L eq) was 103.6 dB A. The L avg ( 80-dB 
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threshold, 5-dB trading ratio) was 102.6 dB; a 1 .5-h daily 
expasure at this level would be a violation of the OSHA 
standard. 

· Another source of significant noise around the home is 
noise from chainsaw operations. Schmidek and Carpenter 
( t 974) reported levels of up to 1 16 dB A during cuttirig oper­
ations with five different types of chainsaws. · At idle, .the 
saws produced levels of 9 1-98 dBA measured at the ear of 
the operator. Clearly, hearing protection should be worn by 
anyone using chain saws. However, unless an individual op­
erates a chain saw regularly for prolo'nged periods of time 
(for example, cuts several cords for firewood each winter) ,  
there i s  probably little risk significant hearing loss from the 
ehainsaw operation alone. 

One household device that has been clearly . Jinked to 
80ise�induced hearing loss is the cordless telephone. Several 
st�dies ( Singleton et al., 1 984; Gerling and Jerger, 1985; 
Orchiket a/. , 1985, 1987 ) have concluded that cordless tele­
phones pose a significant risk for producing acoustic trauma. 
These conclusions are based upon spectral analysis of the 
ring signal of several cordless telephones, which indicated 
sound-pressure levels of approximately 140 dB, and case re­
ports from individuals who have sustained pennanent hear­
ing losses after single exposure incidents. 

IV. HUNTING AND TARGET SHOOTING 
It is well known that individuals exposed to.gunfire may 

sustain hearing loss associated with those exposures. Re­
ported peak sound levels (PSPL) from rifles and shotguns 
have ranged from 1 32-139 dBA for .22 caliber rifles ( Acton 
et a/., 1966) ;  1 63- to 170-dBA peak for Mauser pistols ( Ax­
elsson et a/. , 1 98 1 ) ,  to 1 50-165 dBA reported for 12-gauge 
shotguns ( Davis et al., 1985 ) .  Odess ( 1972) has provided a 
detailed analysis of noise produced by various types of sport 
rifles and shotguns; he found levels ranging from 1 63 .2-dB 
PSPL to 172.5-dB PSPL for shotguns, and levels from 1 43.5-
dB PSPL to 170.5 PSPL for rifles. Clinical reporfs concern­
ing hearing loss following exposure to shooting can be found 
in the literature since the 1800's; Toynbee ( 1 860) noted an 
association of asymmetrical high-tone hearing loss in pa­
tients engaging in the sport of shooting. He also properly 
identified asymmetrical pattern of . exposure caused by 
shouldering the gun on the right, thus pr�ucing a head 
shadow that protects the right ear. 

Numerous studies have attempted to assess the preva­
lence of hunting or target shooting in the general population. 
Estimates range from 14% in Scandinavian countries and in 
the U.K. (Axelsson et a/., 1981 ;  Davis eta/., 1985 ) to 69% in 
the United States ( Kramer and Wood, 1982 ) .  An assess­
ment of shooting history as part of a company hearing con­
servation program in Canada ( Chung et al., 198 1 ) , indicat­
ed that 49.5% of the workforce responded positively to 
questiqns concerning hunting, target shooting, or pistol 
shooting. These results are generally consistent with other 
findings from US industry ( Clark et al. ,  1987 ) .  

One method of determining the role of shooting on hear­
ing loss is to compare audiometric data in groups of individ­
uals who engage in shooting with a matched group who do 
not . Variations of such an approach have been reported by 
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numero.us· investigators. Taylor arid Williams ( 1966) com­
pared hearing levels of 103 sports hunters with 21 physicians 
who were not exposed to shooting noise. For all age groups, 
sports hunters were found to have significantly worse hear­
ing than the control group at all frequencies from 3-8 kHz; 
in addition, hearing levels in the left ear were significantly 
worse than the right. Graphs showing median hearing levels 
of hunters and controls 40-49 years old are shown in Figs. 5 
and 6. The data from the control population indicate slightly 
worse hearing in the left �ar ( 4 dB at 3,4, and 6 kHz) ;  in the 
hunters the left ear was 26 dB worse' at 3,4, and 6 kHz. Note 
that the maximum effect of shooting appears at 6 kHz rather 
than 4 kHz. 

Similar findings have been reported by Chµng et al. 
( 198 1 ) , Johnson and Riffle ( 1982) ,  and by Prosser et al. 
( 1988 ) .  Chung eta/. ( 1981  ) , in a study of29 953 individuals 
with shooting histories obtained from an industrial audio­
metric database reported significant asymmetries m hearing 
levels with the left ear worse for all test frequencies above 2 
kHz. In the Chung study, 1 3% of the shooters shouldered · 
their weapon on the left, and the data for these individuals 
showed a right-ear asymmetry. Other studies that fail to con­
sider shouldering preferences may underestimate the true 
asymmetrical nature of the exposure. 

Johnson and Riffle ( 1982 ) evaluate<! the hearing levels 
of .68 pairs of workers, matche4 for sex, age, and exposure 
level, selected from the interindustry noise study. For each 
pair, one oftheindividuals had indicated exposure to nonoc­
cµpational gunfire during the previous year. Differences in 
mean h·earing'tevel between male subjects exposed to gunnre 
and those not exposed were clearly apparept and varied be­
tween 9 and 16  dB for the frequencies of'-3000, 4000, and 
6000 Hz. No significant differences were foubd in thresholds 
of female shooters; this was attributed to th� fact that mpst 
females fired guns of small caliber ( .22) ,  while most males 
tended to use several types of guns oflarger caliben; Johnson 
and Riffle concluded that nonoccupational exposure to noise 
may be a significant problem for men and can be considered 
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FIG. 5. Median hearing levels for the right ears of a control group ( dashed 
line; N = 9) and sports hunters ( solid line; N = 32 ) ages 40-49 yeal'll. 
[Data replotted from Taylor and Williams ( 1 966) .  J 
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FIG. 6. Median hearing leveis for the left ears of a co�trol group (dashed line; N = 9) and sports hunters (solid line; N = 32) ages 40--49 years. [ Data replotted from Taylor and Williams ( 1966) . J 
! equivalent in effect to .an occupational exposure of 89 dBA; 8 h per day, for 20 years. In a recent study, Prosser et al. ( 1988)  compared hear­ing level data for 1 33 Italian railway workers who aiso bunt� ed for sport with that of 82 age-matched nonhunting col­leagues. Hunters were found to differ from nonhunters by having significant}y worse hearing thresholds in tile ear .con­tralateral to the spoulder supporting the firearm. Data. for the 36- to-45-yeai-pld shoot�rs and nonshooters are shown in Fig. 7. Note thatithe data for the right and left ears of the nonshooters and the right ears of shooters are quite similar. However, the hearing in the left ear of the shooters was about 15  dB worse than the other thresholds at 3, 4, and 8 kHz. The interaural threshold difference at 4 kHz was r�lated to the number of rounds fired and exposure duration. Prosser et al. concluded that the interaural difference could be used as an estimat� of the .'effects of nonoccupational (i .e. ,  shooting) noise to which hunters have been exposed. 
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The papel;'ll reviewed above .exclude the literature con­cerning exposure to noise during military service, which is considered an occupational exposure. However, the datafrom studies of the effects of avocational shooting support the following statements. ( 1 ) Large caliber rifles and shotguns produce exposure levels that are sufficient to cause acoustic traurpa in sonic individuals . (2 )  Workers in noisy industries who engage in sport shooting may develop additional hearing losses due to gun­fire noise over whatever loss they may sustain because ofoccupational exposure. ( 3 )  It is reasonable to estimate that 50% of U.S. indus­trial workers are exposed to gunfire noise from hunting or target sltooting. ( 4) Threshold differences between the ear ipsilateral to the firearm and contrlllateral to it are typically 1 5  dB for high-frequency ( 3-8 kHz) stimuli and can be as high' as 25-30 dB for frequent shooters. 
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